) were prepared through the Azadirachta indica (A. indica) leaf extracts. The x-ray diffraction studies confirmed that synthesized pure and M 2+ doped CeO 2 NPs were exhibited the cubic structure. The FESEM and TEM images of both pure and M 2+ doped CeO 2 NPs have exhibited spherical structure. From the EDAX spectral analysis, the elemental compositions were identified. The various functional groups were confirmed by FT-IR spectrum. Photoluminescence spectral analysis, small shift observed for emission of the CeO 2 NPs values as compared to that of the transition metal ions doped CeO 2 NPs emission values. The antimicrobial studies were performed against a set of gram positive (Staphylococcus aureus and Streptococcus pneumoniae) and gram negative (Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, Klebsiella pneumonia and Shigelladysenteriae) bacterial and fungal candida albicans strain.
Introduction
Cerium oxide NPs are highly used rare earth compounds possessing wide applications in industrial and commercial products, which have been used for a variety of applications including sensors 1 , membrane systems 2 , fuel cells 3 , mechanical polishing 4 , ultraviolet absorbance 5 , catalysis 2 , medicine 6, 7 and environmental chemistry 8 .
Rare earth oxides nanoparticles are used in biomedical applications like radical scavenging of antioxidants 14, 15 . The biomedical properties of metal oxide nanoparticles have been studied in recent years. Among the rare-earth oxides CeO 2 NPs are widely used for biological applications have mostly involved the consumption of mammalian cells [9] [10] [11] . However, the CeO 2 NPs are effectively used in cancer treatment 12 and inflammation 13 
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Chem Sci Trans., 2017, 6(4), [513] [514] [515] [516] [517] [518] [519] [520] [521] [522] through controlling the reactive oxygen species levels. As the size of the material becomes smaller and the band gap becomes larger, this changes the optical and electrical properties of the material, making it suitable for new applications and devices. Among them, the widely accepted method to modify the electrical and optical properties of a semiconductor is the addition of impurity atoms, or doping 16, 17 .
The antimicrobial activity of CeO 2 NPs can also be explained as follows. ROS include the most reactive hydroxyl radical ( • OH), less toxic superoxideanion radical ( −• O 2 ) and singlet oxygen ( 1 O 2 ) with a weaker oxidizer, contributing to the major oxidative stress in biological systems 18 . ROS generation is closely associated with the efficiency of a photocatalyst, depending on the generation rate, rate of migration and energy levels of the photoexcited electron-hole pairs. The enhancement of ROS yields may be connected with the electronic properties and microstructure (i.e., grain size, specific surface area and pore, etc.) of the nanostructure 19 
Experimental
The following high purity chemicals such as cerium nitrate, zinc nitrate, nickel nitrate, copper nitrate and cobalt nitrate were used as precursors without further purification. The 10 g of Azadirachta indica finely cut leaves were added to 100 mL of double distilled water and boiled at 50-60 °C for 10 min. The obtained extraction was filtered using Whatmann No. 1 filter paper and the filtrate were collected in 250 mL Erlenmeyer flask and stored at room temperature for further usage. Thereafter, 0.1 M of CeNO 3 salt was added to 100 mL of A. indica leaf extract. This solution was stirred constantly at 80 °C temperature for 6 h. A brown precipitate formed and then it was become a yellowish brown in color on continuous stirring. Finally, the precipitate was dried at 120 o C.
Similarly, for the preparation of transition metal-doped CeO 2 NPs, in the case of Zn-doped samples, 0.095 M of aqueous cerium nitrate salt and 0.005 M zinc nitrate salt were added to 100 mL of Azadirachta indica leaf extract; a brown precipitate formed and then it was become a yellowish brown in color on continuous stirring. This solution was stirred constantly at a temperature of 80 o C for 6 h. Finally, the precipitate was dried at 120 o C, we get the Zn doped CeO 2 sample. The same procedure followed for the preparation of the Ni, Cu and Co-doped CeO 2 samples for which nickel nitrate, copper nitrate and cobalt nitrate were used respectively. Thus, pure and transition metal ions-doped CeO 2 NPs samples were obtained. Further the precipitates were annealed at 400 °C for 5 h. Thus, CeO 2 NPs were obtained.
Antibacterial assay
The antibacterial activity of the CeO 2 20 . The media plate's Mueller hinton agar (MHA) was streaked with bacteria 2-3 times by rotating the plate at 60˚ angles for each streak to ensure the homogeneous distribution of the inoculums. After inoculation, discs (6 mm Hi-Media) 2 mg, of the test samples were placed on the bacteria-seeded well plates using micropipettes.
The plates were then incubated at 37 o C for 24 h. The inhibition zone around the well was measured and recorded. Amoxicillin (Hi-Media) was used as the positive controls against gram +ve and gram -ve bacteria respectively. The positive controls results were as compared to that of the efficacy of the test CeO 2 , Zn:CeO 2 , Cu:CeO 2 , Ni:CeO 2 and Co:CeO 2, NPs samples.
Antifungal assay
Antifungal activity was determined by an agar well diffusion method against the test fungi Candida albicans using potato dextrose agar. The test strain was transferred into potato dextrose broth (PDB) and incubated at 37 °C until it achieved the turbidity of 0.5 McFarland standards. The media plates were inoculated with the test strain by streaking for 2-3 times by rotating the plate at a 60° angle for each streak to ensure uniform distribution of noculums. Subsequently, sterile disc (6 mm) loaded with 2 mg of test samples (CeO 2 and transition metal ion doped CeO 2 NPs) were placed onto the inoculated well plates using micropipettes and incubated at 37 °C for 24 h under visible light. The zone of inhibition formed around the well was measured and recorded.
Characterization techniques
The pure CeO 2 and transition metal ion (Zn 
Results and Discussion
X-ray diffraction studies
The XRD patterns of pure and transition metal ion (Zn Where λ is the wavelength of x-ray used (1.5405 A), β is the angular peak width at half maximum in radians and θ is the Bragg's diffraction angle. The average crystallite sizes are found to be 9. 
Morphology and Elemental compositions
The surface morphology and elemental composition of pure and transition metal ion (Zn 361  361  361  361  360  378  377  379  377  376  391  390  392  390  388  412  410 and 411  412  411  411 and 412  444  444  444  423 and 438  444  460  ----490  490  490  490  490  522  521  522  524  521 Wavenumber, cm
The three near band edge emissions are observed at (361 nm, 378 nm and 391 nm) for CeO 2 NPs respectively, this NBE emission is attributed to a band-to-band recombination process, possibly involving localized or free exciton 24 . The violet emission band centered at 412 nm for CeO 2 NPs is attributed to defect states existing extensively between the Ce 4f state and O 2p valence band 25 . The two blue emissions are observed at 444 nm and 460 nm for CeO 2 NPs and this is due to localization of the energy levels between the Ce 4f band and the O 2p band. The blue-green emission located at 490 nm is possibly due to surface defects in the CeO 2 NPs respectively. The green emission peaks observed at 522 nm is due to the low density of oxygen vacancies.
In PL spectra, small shift observed for transition metal ion (Zn )-doped CeO 2 NPs tested against gram-positive bacteria (S. aureus and S. neumonia) and gram-negative bacteria (E. coli, P. aeruginosa, P. vulgaris, K. pneumonia and S. dysenteriae) and fungal species candida albicans studied well diffusion method are shown in Figure 4 . 
. Dissolved oxygen molecules are converted to superoxide radical anions (·O 2 -) which react with hydrogen ion (H + ) to produce HO 2 · radical. These hydroxyl radicals on collision with electrons produce hydrogen peroxide HO 2 anions, which is react with hydrogen to produce H 2 O 2 molecules. The generated H 2 O 2 molecules can penetrate the cell membrane and arrest the biological process in the bacteria. The negatively charged particles of hydroxyl radicals OH -and O 2 -super oxide radical anions cannot penetrate into the cell membrane and must remain in contact with the outer surface of the microbial 26, 27 . But the active anionic molecules are effective toxic to microbial substance. In addition, the damage of cell membrane might directly lead to the leakage of minerals, proteins and genetic materials causing ultimate cell death 28, 29 . The mechanism involved in the generation of reactive oxygen species from CeO 2 nanoparticles induced by UV light. 
(5) (6) (7) The antimicrobial studies performed against a set of bacterial and fungal strains showed that the Cu doped CeO 2 NPs possessed higher antimicrobial activity than the pure and other transition metal ion (Zn, Ni and Co)-doped CeO 2 NPs. So that, smaller size can easily penetrate into bacterial membranes due to their large interfacial area, thus enhancing their antimicrobial efficiency. The XRD data good agreement with these results.
